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1. Introduction 
The policy changes at the macro level can have substantial impact on decision making 
and outcomes at the household level affecting a number of welfare indicators e.g. 
consumption of food, expenditure on health care, and participation in the labour force. 
Such macro policy changes usually affect various household groups through their impact 
on prices facing the households and their income levels. In other words, changes in 
output and input prices as well as changes in income levels are the primary transmission 
channels through which the effects of a macro economic policy change influence the 
household groups. Even though such impact at the household level may turn out to be 
an important policy indicator, empirical evidence on the nature and magnitude of these 
impacts are generally lacking in Bangladesh. The present paper examines the 
consequences of selected macroeconomic policy changes on the nutrient availability by 
households groups in Bangladesh. 
The paper is organized as follows. The analytical framework which employs a linked 
model is discussed in Section II. The simulation results are presented in Section III. 
Finally, important policy implications and concluding observations are discussed in 
Section IV. 
2. Framework of the Linked Model 
Within the framework, the impact of macro economic policy changes on the nutritional 
status of eight household groups has been simulated using a linked model. The linked 
model works as an outcome field where the estimates of elasticity (e.g. income and 
price elasticities) from the elasticity model and changes in sectoral prices and household 
incomes derived from the computable general equilibrium (CGE) model are combined 
to generate the impact on nutrition status of the household groups. The nutrition status 
of the households are measured in terms of calorie and protein availability. 
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The Elasticity Model 
Within the elasticity model, Food Chracteristics Demand System (FCDS) has been used 
to estimate the complete demand system for different occupational groups in 
Bangladesh. Under the method, energy, variety, and taste of individual foods are 
considered as characteristics and these are assumed to be additive in the individual's 
utility function. In the utility function, consumption of one food depends on the level 
of consumption of all other foods. By specifying an explicit functional form of these 
characteristics in the utility function, the entire matrix of price and income elasticities 
can be derived for a system of n foods and one non-food commodity. A summary on 
the methodology is given at Annex 1.1 
Overview of the CGE Model 
A multi-sector, multi-households, and multi-factor CGE has been to used to analyse the 
possible consequences of trade liberalisation on the economy of Bangladesh. The 
structure of the model is presented in Figure 1 and Figure 2. The generation of sectoral 
supply is'shown in Figure 1, while in Figure 2 the structure of demand is presented. 
The model is numerically specified for the fiscal year 1 992-93. The social accounting 
matrix (SAM) constructed for 1 992-93 served as the data set for the model. The 
model is presented at Annex 2.2 
Production Structure: Intermediate Demand and Value Added 
The production structure of the model is shown in Figure 1. The gross output is a 
Leontief function of intermediate use and value added. Each of the 35 sectors produces 
output using primary factors of production, according to the neoclassical production 
function exhibiting constant returns to scale. Each sector also uses intermediate inputs, 
which are assumed to be in fixed proportion to gross output. 
'For a detailed discussion on the technique and estimation results, see CIRDAP, 1998. 
2 For details of the model structure and the underlying SAM, see CIRDAP, 1997, 1998. 
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For intermediate inputs, a Leontief (fixed coefficients) specification is employed. 
Thus there is no scope of substitution between intermediate inputs and primary inputs 
as specified by a fixed coefficient system. The 35 composite intermediates are a CES 
function of imported inputs and domestic inputs envisaging substitution possibility 
between domestic and foreign intermediate inputs. On the other hand, value added is 
modeled via a Cobb-Douglas function of eight types of labour factors and one capital 
factor. 
Structure of F/na! Demand 
Figure 1 
The final demand structure of the model is shown in Figure 2. Private consumption 
demand for each of the eight household groups is characterised by representative 
consumers from each of the groups who maximise a Cobb-Douglas utility function. 
Private consumption expenditures are allocated among domestic and imported goods. 
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Foreign and domestic consumer goods are assumed to be imperfect substitutes following 
Armington (1969), thereby accommodating the phenomenon that the country both 
imports and exports the same commodity. 
The distribution of investment and stock changes is modeled using a fixed coefficient 
specification. The main sources of government incomes are revenue from different 
types of tax and non-tax sources. The government expenditures are assumed to be 
exogenous but expenditures excluding transfers are derived from a Cobb-Douglas utility 
function. The government is assumed to spend a part of tax and tariff revenues for 
transfer payments to household groups and to other institutions. 
The Linked Model 
Figure 2 
The income and price elasticities (own and cross) of demand for food are estimated 
in 
the elasticity model using the household expenditure survey data and 
adopting the 
FDCS technique. Price and income changes as a result of macro economic 
policy 
changes are obtained from the CGE model. The resulting price and income 
changes 
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are then combined with estimated price and income elasticities to 
estimate changes in 
demand for food. The changes in the demand for food are then translated into 
changes 
in calorie and protein consumption using vectors of calorie and protein 
contribution by 
each commodity. It is assumed that other household characteristics are unaffected 
by 
policy changes. In the situation, one can then use the average contribution of each 
food 
item to specific nutrients of interest to derive the implications of macro economic 
policy changes on nutrient consumption of households groups. 
Formally, the demand for food can be expressed in percentage terms as follows 
Y 
Where, QD indicates percentage change in quantity demanded. E denotes own and 
cross price elasticity. T refers to income elasticity by household groups. P and Y depict 
percentage changes in prices and income. 
One can then use the average contribution of each food item to specific nutrients of 
interest (e.g. calorie and protein) to derive the implications of macro economic policy 
changes on nutrient consumption of households using the following relation: 
NC 
Where, NC refers to changes in nutrition consumption by household groups and K 
denotes initial nutrient contribution of commodity. An overview of the linked model is 






3. Simulating Nutrition Effects of Price and Income Changes 
A macro policy change usually affects household groups through its impacts on 
commodity prices and income levels of the household groups. Within the purview of 
the MAP project, the impact of macro economic policy changes on the nutrition status 
of eight household groups has been simulated using the linked model. The linked model 
works as an outcome field where estimates of elasticity from elasticity model and 
changes in sectoral prices and household income are combined to generate impacts on 
nutrition status of household groups. 
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For the purpose of the present exercise, changes in prices and income are obtained 
from tariff liberalisation simulations. The alternative scenarios involve the following: 
TM: Reduction of nominal tariff rates as implemented during the fiscal year 1 996-97. 
In this experiment, no adjustments are made in domestic indirect tax rates or 
direct tax rates to bridge the deficit generated in government revenue as a 
consequence of reduction of tariff rates. 
TM1: Reduction of nominal tariff rates along with adjustment of manufacturing value- 
added tax rate to maintain neutrality of government revenue. 
TM2: Reduction of nominal tariff rates along with introduction of lower value-added 
tax rate (i.e. VAT rates are lower than the standard rate applicable to 
manufacturing value added and imports) for construction, miscellaneous service 
sector and trade sector to maintain neutrality of government revenue. 
Commodity price and income changes by household groups are shown in Appendix 
Tables 'Al and A2. These price and income changes resulting from the three tariff 
liberalisation experiments are used to examine the impacts on nutrient availability of 
household groups. 
Using the demand equation, one may compute the changes in demand for food as a 
result of changes in prices of food items and incomes of the household groups. The 
changes in quantity demanded for food items are then combined with vector of nutrient 
contribution by food commodity to derive changes in protein and calorie availability for 
the household groups. The methodology is general and can be used to examine 
nutrition impact of other policy changes as long as changes are obtained in terms of 
food prices and household incomes. 
The impact of tariff liberalisation experiments on the availability of protein and 
calorie availability to household are shown in Figure 4. In particular, Figure 4 shows 
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the changes in protein and calorie availability by eight household groups under the 
above tariff liberalisation experiments. It is observed that, the tariff liberalisation 
experiments appear to be regressive in terms of macro nutrient availability of the 
household groups. That is, the percentage change in protein and calorie availability 
large for high-income groups compared to the low-income groups. Except for the 
agricultural labour households, both calorie and protein availability are greater for the 
higher income household groups. Another important observation is that, nutrient 
availability is significantly lower for the workers households compared to other five 
household groups. This is largely due to lower changes in income for the worker 
households. Another observation is that the percentage change in protein and calorie 
availability is relatively larger in the first experiment compared to the other two 
experiments since income effects are high and price affects are low in the first 
experiment. 
Figure 4: Changes in Protein and Calorie Consumption 
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4. Concluding Observations 
In this paper the estimates of own and cross price elasticities of major food items are 
combined with price and income changes to derive implied impact on the availability of 
calorie and protein at the household level. In particular, the paper shows the changes in 
protein and calorie availability by eight household groups under tariff liberalisation 
experiments. It is observed that, the tariff liberalisation experiments appear to be 
regressive in terms of nutrient availability of the household groups. The percentage 
change in protein and calorie availability is large for high-income groups compared to 
the low-income groups. Another important observation is that, nutrient availability is 
significantly lower for the workers households compared to the other five household 
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TM TMI TM2 
Simulation Experiments 
groups since changes in income are observed to be lower for the worker households. In 
terms of relative impact, the percentage change in protein and calorie availability is 
larger in the first experiment compared to the other two experiments since income 
effects are high and price effects are low in the first experiment. 
14 
References 
Armington, P. (1969), A Theory of Demand for Products Distinguished by Place of 
Production, IMF Staff Paper, 1 6. 
Boadway, ft. W. and N. Bruce (1984), Welfare Economics, New York, Basil 
Blackwell. 
CIRDAP (1994), Human Resource Development and Poverty Alleviation in 
Bangladesh, MAP Focus Study Series No. 2, CIR.DAP, Dhaka. 
CIRDAP (1994), Public Expenditure and Poverty Alleviation in Bangladesh, MAP 
Focus Study Series No. 1, CIRDAP, Dhaka. 
CIRDAP (1996), Database for the General Equilibrium Model: Input — Output and 
Related Tables for the Bangladesh Economy, MAP Working Paper Series No. 2 
(Revised), CIRDAP, Dhaka. 
CIRDAP (1996), Report of the CIRDAP-BBS National Seminar on Poverty Monitoring, 
CIRDAP Study Series No. 1 74, CIRDAP, Dhaka. 
CIRDAP (1996), Report of the Poverty Monitoring Survey 1994, Regular and 
Continuous Monitoring of Poverty Situation in Bangladesh, Bangladesh Bureau of 
Statistics (BBS), Govt. of Bangladesh, Dhaka. 
CIRDAP (1996), Report of the Poverty Monitoring Survey, April 1995, Regular and 
Continuous Monitoring of Poverty Situation in Bangladesh, Bangladesh Bureau of 
Statistics (BBS), Govt. of Bangladesh, Dhaka. 
CIRDAP (1996), Report of the Rural Poverty Monitoring Survey, December 1995, 
Regular and Continuous Monitoring of Poverty Situation in Bangladesh, Bangladesh 
Bureau of Statistics (BBS), Govt. of Bangladesh, Dhaka. 
CIRDAP (1996), Report of the Urban Poverty Monitoring Survey, December 1995, 
Regular and Continuous Monitoring of Poverty Situation in Bangladesh, Bangladesh 
Bureau of Statistics (BBS), Govt. of Bangladesh, Dhaka. 
CIRDAP (1997), A Social Accounting Matrix for Bangladesh Economy 1992/93 : A 
Basis for Fixed Price and Flex Price Models, MAP Technical Paper Series No.1, 
CIRDAP, Dhaka. 
CIRDAP (1997), Poverty Profile and Poverty Alleviation Effects in Bangladesh: A SAM 
Based Analysis, MAP Technical Paper Series No.2, CIRDAP, Dhaka. 
CIRDAP (1997), Report of the CIRDAP-BBS National Seminar on Poverty Monitoring, 
CIRDAP Study Series No. 1 75, CIRDAP, Dhaka. 
15 
CIR.DAP (1998), A Computable General Equilibrium Model for Poverty Monitoring in 
Bangladesh, MAP Technical Paper Series No.3 (Revised), CIRDAP, Dhaka. 
CIRDAP (1998), Report of the CIRDAP-BBS National Seminar on Poverty Monitoring, 
CIRDAP Study Series No. 1 80, CIRDAP, Dhaka. 
Condon, T., H. Dahi, and S. Devarajan (1986), Implementing a Computable General 
Equilibrium Model on GAMS: The Cameroon Model, Unpublished Paper, April. 
G., Jolly, R., Stewart, F. eds., 1987, Adjustment With A Human Face, 
Oxford: Clarendon Press. 
Cox, D. and R.G. Harris (1985), Trade Liberalisation and Industrial Organisation: 
Some Estimates for Canada, Journal of Political Economy, 93. 
de Melo, J. (1987), Computable General Models for Trade Policy Analysis in 
Developing Countries: A Survey, Mimeo. Trade Policy Division, Country 
Economics Department The World Bank. 
de Melo, J. and D. R. Hoist (1990), Industrial Organization and Trade Liberalization: 
Evidence from Korea, Centre for Economic Policy Research (CEPR), Discussion 
Paper No. 399. June, 1990. 
Demery, L. and Addison, T., 1 987, Stabilization Policy and Income Distribution in 
Developing Countries, World Development 1 5, No. 1 2. 
Dervis, K., J. de Melo and S. Robinson (1982), General Equilibrium Models for 
DeveFopment Policy, Cambridge University Press. 
Devarajan, S. and D. Rodrik (1989), Trade Liberlization in Developing Countries: Do 
Imperfect Competition Matters ?, American Economic Review, Papers and 
Proceedings, May. 
Devarajan,S. , J. D. Lewis, and S. Robinson (eds), 1995 Getting the Model Right: The 
General Equilibrium Approach to Adjustment Policy. Cambridge University Press, 
Cambridge. 
Ferh, H., C. Rosenberg and W. Wiegard (1994), Welfare Effects of Value-Added Tax 
Harmonisation in Europe: A Computable General Equilibrium Analysis. 
Foster, J. E., J. Greer and E. Thorbecke, (1984), A Class of Decomposable Poverty 
Measures, Econometrica, Volume 52, pp 761-766. 
Francios, J. F., McDonald, B. and H. Nordstrom (1995), In Search of Robust Results: 
What Do CGE Models Really Tell Us About the Uruguay Round ?, The World 
Bank, 1995. 
16 
Gunasekera, H. Don B. and R. Tyres (1988), Imperfect Competition and Returns to 
Scale in a Newly Industrialising Economy: A General Eciuilibrium Analysis of Korean 
Trade Policy, Australian National University Working Paper, No. 4. 
Harris, R. G. (1984), Applied General Equilibrium Analysis of Small Open Economies 
with Scale Economies and Imperfect Competition, American Economic Review, 74. 
Harrison, G. W., Rutherford, T. F. and D. G. Tarr, (1995), Quantifying the Uruguay 
Round, The World Bank, 1 995. 
Hossain, M. Delwar (1997), Analytical Report on Poverty Monitoring Survey in Rural 
Bangladesh, October 1 994 and April 1 995, in Report on CIRDAP-BBS National 
Seminar on Poverty Monitoring, CIRDAP, Dhaka. 
Kakwani, N. C., (1980), On A Class of Poverty Measures, Econometrica, Volume 48, 
pp 437-446. 
Kakwani, N. C., (1993), Poverty and Economic Growth With Application to Cote D' 
Ivorie, Review of Income and Wealth, Series 39, No. 2, June. 
Khondker, B. H., (1996) Foreign Competition, Industrial Concentration and 
Profitability in Manufacturing Sectors in Bangladesh, The Bangladesh Development 
Studies, Vol. XXIV, No. 1 & 2, March-June 1 996. 
Koutsoyiannis, A. (1979), Modern Microeconomics, London and Basingstoke, The 
Macmillan Press Limited. 
Lewis, D. (1995), Financial Repression and Liberalisation in a Model with Financial 
Markets. In Devarajan, S., J. D. Lewis, and S. Robinson (eds), Getting the Model 
Right: The General Equilibrium Approach to Adjustment Policy, Cambridge, 
Cambridge University Press. 
Malvin, J. (1986), Production and Trade with Two Factors and Three Goods, 
American Economic Review, 58(5). 
Ravallion, M. and B. Sen, (1996), When Method Matters : Monitoring Poverty in 
Bangladesh, Economic Development and Cultural Change. 
Richardson, J. D. (1989), Empirical Research on Trade Liberalization with Imperfect 
Competition: A Survey, OECD Economic Studies, 1 2, Spring 1 989. 
Roberts, M. (1988), The Structure of Production in Columbian Manufacturing 
Industries, Unpublished Paper. 
Rodrik, D. (1988), Imperfect Competition, Scale Economies, and Trade Policy in 
Developing Countries, in Baldwin, R. E. (ed.) Trade policy Issues and Empirical 
Analysis, Chicago, Chicago University Press. 
17 
Sen, A. K. (1979), Poverty : An Ordinal Approach to Measurement, Econometrica, 
Volume 44 (2), March, pp. 219-231. 
Shoup, C. S. (1 990), Choosing Among Types of VATs, in Value Added Taxation in 
Developing Countries edited by Malcolm Gillis, Carl S. Shoup and Gerardo P. Sicat, 
A world Bank Symposium, The World Bank, Washington D. C. 
Sullivan, C. K. (1965), The Tax on Value Added, Columbia University Press, New 
York and London. 
Travis, W. (1972), Production, Trade and Protection when There are Many 
Commodities and Two Factors, American Economic Review, 62(11). 
Tybout, 3. (1989), Entry, Exit, Competition, and Productivity in the Chilean Industrial 
Sector, Unpublished Paper. 
18 
Appendix 
Table Al: Percentage Changes in Food Items 
CommodIty TM TM! TM2 
Rice 0.01 77 0.0107 0.01 74 
Wheat 0.0889 0.0848 0.0887 
Sugarcane 0.0274 0.0181 0.0272 
Vegetables 0.0042 -0.0027 0.0039 
Pulses 0.0205 0.0104 0.0203 
Fruits -0.0226 -0.0279 -0.0228 
Tea 0.0146 0.0096 0.0144 
Other Crops 0.0387 0.0318 0.0386 
Livestock 0.0161 0.0087 0.0159 
Fish 0.0134 0.0069 0.0134 
Edible Oil -0.09 79 -0.093 9 -0.0981 
Other Food -0.0417 -0.0428 -0.0421 
Tobacco Products -0.048 1 0.1063 -0.0185 
Sugar-Gur -0.0298 -0.0314 -0.0297 
Salt -0.0239 -0.0274 -0.0245 
Table A2: Percentage Changes in Household Income 
Household Groups TM TM1 TM2 
Professional 2.25 1.55 1.58 
Services 1.86 1.21 1.25 
Agricultural Labour 1 .98 1 .29 1 .32 
Small Farm 2.09 1 .42 1 .45 
LargeFarm 1.94 1.32 1.46 
Worker: Skilled 1 .32 0.99 0.41 
Worker: Semi-Skilled 0.99 0.37 0.25 
Worker: Unskilled 1 .00 0.35 0.34 
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Annex-i 
Estimation of Price and Income Elasticity 
In order to examine the impact of macreconomic policy changes on household nutritional 
status, own and cross price elasticity for major food items and income elasticity of household 
groups are needed. While estimates of such elasticity are available for some specific years, 
they are not available by occupational classes as classified in the 1992/93 SAM data-base. 
Therefore, in order to link the estimates of the elasticity model and price and income changes 
generated in the CGE model, estimates of price and income elasticity are required for the 
eight occupational classes for 1992/93. The price and income elasticity for the major 
occupational groups have been estimated for 1992/93 using the food characteristics demand 
system (FCDS). 
Tue FCDS Model 
In the FCDS model, utility is assumed to be a function of characteristics of quantities of food 
consumed namely, energy, variety and tastes and of non-food purchases. The total utility 
derived from the three characteristics and from the non-food item is the weighted sum of the 
individual utilities that these food and non-food items provide. Following Bouis (1991), this 
can be expressed as: 
U'= (1) 
Where, U=total utility derived from all food and non-food items, Q quantity of a 
commodity, =a measure of energy, r=a measure of variety, Ub=utility derived from energy 
Ueutility derived from variety, Q1'utility derived from the taste of units of commodity I, 
from non-food item, =weight of utility from energy, weight of utility 
from variety, =weight of taste from food I, =weight of utility from the non-food 
commodity. 
The utility from energy can further be expressed as 
(2) 
Where is a factor that converts quantity of the food into energy. In the model, 
calories have been used as proxies for the in estimation. /3 is the total calories consumed 
which has been adjusted with adult equivalent ratio. The functional form of Ub (/3) is 
b2/3 +b3/32 where, b2>O and b3<O. (3) 
7 () 
At low levels of total energy, additional units increase utility at a decreasing rate: This 
functional form implies that at sufficiently high intakes of energy, utility from additional 
units of energy decrease marginally. 




and = 2abb3OiOj <0 (5) 
where = 
The utility from taste is expressed as 
= log(Qi) (6) 
T1 = atl(/Q)> 0 (7) 
where = 
aQi 





The above suggests that additional unit of taste of good i increases utility but at a 
decreasing rate. The first order derivative is positive whilst the second order is negative. For 
taste across food, the second derivative is zero. 
The utility from variety is defined as 
S Uc(r)=— (10) 
71 
where, 8 nonstaple kilograms of food consumed per adult equivalent, and = total 
kilograms of food consumed per adult equivalent. Moreover, — <0, for i  S 
VI 
(11) 
where, i= 1, 2 n are staple foods. 
The above implies that each additional unit of a staple good reduces utility from variety 
and each additional unit of a non-staple good increases utility from variety. 
As stipulated for energy and variety, 
fori,j s 
fori  sands<j n (12) 
for 
and for all 
Unlike the food items, no explicit functional form is specified for utility from the non- 
food. In order to solve the model for the (n+1) by (n+2) matrix of food demand elasticities, it 
is necessary with respect to utility from the non-food, only to specify the following 
relationship: 
(13) 
3Qnf Qnf 7/'Lf 
where, q5 = money flenisility, non-food income elasticity, price of the non- 
food item, 2 = lagrange multiplier or the marginal utility of income. 
Solving the Model 
For any food i (i = 1,2 , n) the first order conditions give 
öfl] &] 87] (14) 
2 0/3 OQ 2 Or 2 OT OQi 
There are n equations associated with (14) and if we assume that the first food is a staple 
we get: 
ab S ahi Pi = —{b291 + 2b391/]] + + —[—-] 
. (15) 2 2 cu 2Qi 
Thus shadow prices for energy and variety can be obtained by multiplying the coefficient 
outside the brackets with the first partial derivatives inside the brackets for the first and 
second terms in equation (15). The shadow prices sum to the retail price for each food at all 
income levels and the proportion of the retail price for each food accounted for by the shadow 
price of each characteristic will vary by income group. 
With the data on food prices and food quantities and values for abb2,abb3, and it is 
possible to solve the n equations represented by equation (14) for the n abs. In addition, 
given a value for and data on non-food expenditures, it is possible to obtain values for flnf 
the entire (n+l) by (n+1) matrix of second partial derivatives of the utility function with 
respect to n foods and the non-food commodities. Then, these values can be used to estimate 
the full matrix of (n+l) by (n+l) demand elasticities2. Thus four parameters along with data 
on prices and quantities of consumption are required to solve the model. 
Data Requirement and Estimation Technique 
From the above, it is clear that in order to estimate the elasticities, one needs two types of 
information. These include price and quantity data across various occupational groups and 
the values of the parameters associated with the utility function. The price and quantity data 
include (i) per capita quantities consumed for each of the n food items, (ii) unit price of the food items, (iii) calorie conversion rate per unit of each food item, (iv) total non-food 
expenditure, and (v) ratio of adult equivalent over total persons. For the present study, data on 
(i), (ii) and (iv) have been obtained from the Household Expenditure Survey (FIBS) 199 1-92 of the Bangladesh Bureau of Statistics (BBS). The calorie conversion rates have been taken from the published document of the Institute of Food and Nutrition of Dhaka University. 
However, the adult equivalent ratio was not readily available and some 'educated guesses' were made. 
2 
See, for example, Henderson and Quandt, (1980), p.25-35. 
Prior knowledge about the values of the parameters of the utility function was another 
precondition for implementing the methodology. It is possible, however, to estimate the 
values of the parameters. One can rewrite equation (15) as 
Pi + + a3 + (I) (16) 
2 2 
Equation (16) may be estimated to get the values of the parameters as in a system with n 
foods, there would be n equations to estimate with identical parameters associated with 
energy and variety in each of the n equations. In order to make the model operational, 
assumptions about the values of the parameters are made. Studies are available with 
reasonable values of these parameters in other countries and on the basis of the 
aforementioned findings, reasonable prior assumptions have been made. The assumed values 
of the parameters are given in MAP Technical Paper No.5. 
Once the data and the values of the parameters are available, the estimation is 
straightforward. The first order conditions give the absolute shadow prices disaggregated by 
bulk, variety and taste by groups. This explains the components of shadow prices by 
characteristics inherent in particulars food groups. From the second order conditions, the 
bulk, variety and taste matrix can be deducted. The sum of bulk, variety and taste matrix will 
result in the overall utility matrix. Thus: 
+ rj + (17) 
However, would be a diagonal matrix and for i=j. Once the overall utility matrix is 
obtained from the second-order conditions with the prices of the commodities, the Bordered 
Hessain matrix can be constructed to estimate the elasticity. With five food and one non-food 
commodities, the Bordered Hessian matrix will look like: 
flui+rii+Tii fl12+r12 fl13+r13 ,814+r14 fl15+T15 0 —P1 
1821+r21 fl22+r22 /323+r23 fl24+r24 /325+r25 0 —P2 
fl31+r31 /332+r32 /333+r33 /334+r34 /335+r35 0 —P3 
fl41 +r41 fl42 ±r42 fl43 + r43 fl44 +r44 /345 +r45 0 P4 
/isi+rsi /352+r52 /353+r53 /354+r54 /iss+rss 0 —Ps 
0 0 0 0 0 f66 —P6 
-Pi -P2 -P3 -P4 P5 -P6 0 
where, f66 implies the shadow price of the non-food item. From the overall utility matrix 
for a particular occupational group, own and cross price elasticities for food and non-food 
items can be estimated. For example, if we want to estimate the own price elasticity of food 
item 5 (p55) the following formula can be used: 
Ps D55 Q5L:.J65 
] qsD D 
where, P5 = price of commodity 5, =quantity of commodity 5, D = the determinant of 
the entire Bordered Hessian matrix, D65 = the cofactor of the element in the sixth row and 
fifth column. 
The cross price elasticities can also be obtained from the overall utility matrix. If we want 
to estimate the elasticity of food item 5 with respect to price of the first commodity, the 
required formula is 
Pi D15 Q1D65 
] QsD D 
where, P1 = price of commodity 1, = quantity of commodity 5, D65 = the cofactor of 
the element in the sixth row and fifth column of the Bordered Hessian, D15 = the cofactor of 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A General Equilibrium Model of Bangladesh Economy (The Core Model) 
The Model Structure 
Production and Supply 
The production structure is represented by a set of nested functions. Domestic output is a Cobb- 
Douglas function of value added and composite intermediate inputs. The production technology is 
described by the following equation: 
X (1.1) 
where, X. is sectoral output. AX, and are the production function shift and share parameters 
respectively. is sectoral value added and IN1 is aggregation index of inputs. The 
intermediate input demand function is derived from the first order of equation 
(1.1); 
IN (1.2) 
where, PT/ and are the value added and composite intermediate input prices respectively. 
The value added is a CES aggregate of nine factor inputs which includes capital and eight different 
categories of labour inputs. The value added function is therefore specified as; 
V. = (1.3) 
f 
where, A V1 and af are value added function shift and share parameters respectively. 1u, denotes the 
elasticities of substitution between factors. FR! shows sectoral factors. By profit maximisation with 
respect to (1.3), the factor demand function is derived as: 
FD V•[ (1.4) 
where, Wf is the average return of factor f and is a sector-specific parameter derived from base 




Domestic price of imports 
On the import side we retain the price-taker small-country assumption of classical trade theory. This 
implies that the domestic price of import, PM, is determined exogenously and is linked to the world 
price in dollars, PWIvI1 by: 
PM (1.5) 
where tm and st are the tariff and sales tax rates on sector i and ER is the nominal exchange rate 
between US dollars and Bangladesh currency, taka. 
Domestic price of exports 
On the export side, Bangladesh is assumed to have some market power. In such a situation both the 
domestic price of exports and the world price of Bangladeshi exports are endogenous. The domestic 
price of exports is defined as a function of world price of exports P WE,, and the nominal exchange 
rate, ER: 
PE,=PWE,ER (1.6) 
The world prices of Bangladeshi exports are determined by domestic production costs of exports, and 
the exchange rate policy. 
Composite price 
The composite or unit price is defined by the following equation: 
PD. D +PM •M 
= (1.7) 
where, D, and M, are the domestic and imported goods respectively. PD, is the price of domestic 
goods. 
Sales or Activity prices 
The sales or activity price is composed of domestic price of domestic sales and domestic price of 
exports activities; 
= PD . (1— td,). D, + PE, E, 
(1.8) 
xi 
where, td, is the production or excise tax on sector i. 
Composite intermediate input price 
The composite intermediate input price is specified by the following equation: 
35 
PN (1.9) 
where, are the input-output coefficients. 
Value-added price 
The value-added price is defined as: 
(1.10) 
Composite capital good price 
The composite capital good price is defined as: 
(1.11) 
where, is a capital composition matrix. 
Imports and Exports 
Imports 
In this moçlel the Armington specification is adopted because the perfect substitution assumption seems 
unrealistic for two reasons. First, in Bangladesh there are quality differences between imports and 
domestic substitutes for most products. Second, at a high level of aggregation in the model, each sector 
represents a bundle of different goods. For example the machinery sector includes goods which are 
produced in Bangladesh (i.e. machine tools) and others (i.e. heavy machinery) which are not 
domestically produced. It is therefore reasonable to suggest that these two goods are not perfect 
substitutes; rather they are imperfect substitutes. 
Thus for each commodity category an "aggregate" or composite commodity is defined, which is 
a CES function of imports M and domestic good D1. Domestic consumers are assumed to have a CES 
utility function over these two goods: 
AQ (1.12) 
where, AQ and 8 are shift and share parameters respectively and a., elasticity of substitution is 
given by a, 
= 1 
This formulation implies that consumers will choose a mix of M1 and 
1+ 
depending on their relative prices. Minimising the cost of obtaining a 'unit of utility', subject to (112) 
yields the following import demand function; 
36 
PD,81 
(1.13) I PM(l-8,) 
As a result of this specification, PD is no longer equal to and PD, is endogenously 
determined in the model. 
Exports 
As mentioned earlier, on the export side Bangladesh is assumed have some market power for exports. 
This assumption is particularly relevant for traditional exports, such as jute and jute products, where 
Bangladeshi exports are significant and where Bangladesh has some market power. For other sectors, 
Bangladesh may not have such market power. However, given such a high level sectoral aggregation it 
is difficult to identify sectors with and without market power. Thus, a downward sloping world 
demand curve for all exports is assumed. The export demand function can be shown as: 
E. = E? 
. { (1.14) 
where, E1° is a constant, is the price elasticity of export demand and is world price of 
goods which are close substitutes of Bangladeshi exports. 
We postulate a constant elasticity of transformation (CET) function between domestically consumed 
goods D1 and exported goods E for total supply: 
(1.15) 
where is domestic output, A and are constant and the elasticity of transformation is given by 
= 
1 
Maximising revenue from given a output, subject to equation (2.15) yields the export 
supply function as: 
E. = D. [ 
PE, . (1- 
(1.16) 
The treatment of imports and exports allows two-way trade (that is simultaneous exports and imports, 
known as cross-hauling) at the sectoral level, agam reflecting empirical realities in developing 
countries. Similar reasons were put forward by Condon et al (1986) to model the foreign trade regime 
of Cameroon based on CES and CET specifications. 
Incomes 
Household Income 




where, YFh, and Yf define household income from factors, the factors to households allocation 
matrix, and income by factors, respectively. The following equation is used to calculate factor income: 
(1.18) 
Besides factor incomes, the households also receive remittances from abroad, dividend income from 
corporations, direct transfers from government and net transfer of resources from other households. 
The shares from all these sources are fixed in the benchmark level and thus relative shares do not 
change across experiments. Spendable income equation of household is specified as; 
=[YFh +RA'lh ER+DVh+GTRh +NHTRh].(1 —thh —sh) (1.19) 
where, RAIh, DVh and GTRh are the shares of household income from remittances, dividends and 
government transfers respectively. NHTRh is the net transfer of resources among households. This is 
calculated as NHTRh = HTRh HYPh, where HTRh and HPYh are transfer receipts and transfer 
payments by the same household groups. Income tax rates and savings, rates for different household 
groups are denoted by thh and Sh respectively. 
Government Income 
Government derives income from all indirect and direct taxes and part of capital income to reflect the 
income generated from public sector corporations. The income equation has the form: 
YG M PW7vI, M ER 
+ td . X1 . PD + tc YC + YFG (1.20) 
where, denotes the corporate tax rate. YFG shows government income from capital. This is 
endogenously derived as YFG = Yf. Where, is a scalar showing government share of income 
from the capital factor only. 
Corporation Income 
Corporations generate all their income from capital only. There are no other sources of income for the 
corporate institutions in the model. Corporation income is represented by the following equation: 
YC=%f•Yf (1.21) 




Total consumption demand is composed of private and government consumption. Consumption 
behaviour of each household is specified in the form of a representative household (for each household 
group), maximising a Stone-Geary utility function subject to the budget constraint of the household: 
U =fl(CD. ih (1.22) 
h ih ih 
Maximisation of utility function subject to the household income yields a linear expenditure system of 
the form: 
CDZh = coih + (1.23) 
where, CD/h is consumption of good i by household group h, c91h denotes floor or committed 
consumption of good i by household h and depicts the marginal budget 
share of good i by household h and Yh denotes supernumerary income of each household. 
Government Demand 
The government is assumed to keep the real level of expenditure on each commodity fixed. Hence, 
government demand for commodity i is: 
GD1 (1.24) 
where, GTOT is total fixed government expenditure. In the application model is zero for all 
sector except services, for which = 1. 
Intermediate Demand 
Since the shares among different intermediate inputs in a sector and the ratios of intermediate inputs to 
total outputs are fixed, one can write the demand for intermediate inputs as: 
(1.25) II I 
where, are input-output coefficients and IN3 are sectoral intermediate inputs. 
Investment Demand 
Total investment is always equal to savings in equilibrium. Total investment is composed of fixed 
capital formation only (i.e. no inventory investments as stock change is not modelled due to the lack of 
data). Capital investment by sector of destination is given by: 
PK1 . DK/ = . I (1.26) 
39 
where, DK1 is capital investment by sector i, is the composite price of capital installed sector i 
and is the proportion of total capital investment accounted for by sector i. Investment by sector of 
destinations is then translated into demand for capital goods by sector of origin using a capital 
composition matrix 
'R = DK1 (1.27) 
Savings 
Total savings is the sum of household, govermnent, corporate and foreign savings. Households save a 
fixed proportion of their income. Following equation specify the savings behaviour of the households: 
SHh Sh'Yh (1.28) 
The government savings is the difference between the endogenous government income and exogenous 
government expenditure and transfers to the household groups. The government savings is thus: 
(1.29) 
Corporate savings is the difference between endogenous corporate income and corporate tax and 
dividend payment to household groups. The corporate savings is thus: 
(1.30) 
h 
The last component of aggregate savings is the foreign savings. Foreign savings is the difference 
between the value of imports and the value of exports, at world prices. The dollar value of foreign 
savings is then converted into domestic currency value using the relevant exchange rate. The aggregate 
or total savings is thus: 
(1.31) 
Equilibrium Conditions 
Factor Market Equilibrium 
The labour market is particularly simple and fill employment of factors (i.e. labour and capital) is 
assumed. Thus, the factor market clearing requires that total factor demands equal exogenously fixed 
factor supplies and the equilibrating variables are the average factor prices (Wf) 
=0 (1.32) 
Product Market Equilibrium 
40 
= 1N1 + CD,, + GD, + ID, (1.33) 
Equation (1 33) is the material balance equation for each sector, requiring that total composite supply 
(Q) is equal to the sum of composite demands. 
Balance of Payments 
We impose the balance of payment (BOP) equation to clear the foreign exchange market. The inflows 
are exogenous but imports and exports are determined endogenously in the model. Since nominal 
exchange rate is fixed in this model, foreign savings are allowed to vary to clear the foreign exchange 
market. 
WE1 0 (1.34) 
Savings-Investment Balance 
The final macro closure is achieved through the equality of endogenously determined aggregate savings 
and exogenously fixed total investment. Thus, this closure is "Savings driven", in which total 
investment is fixed and the saving components are endogenous: 
(135) 
In the model only relative prices are determined. Thus it is necessary to normalise the price system. 
We make the nominal exchange rate the numeraire against which all relative prices will be determined. 
One can virtually normalise around any nominal magnitude because it has no effect on real variables. 
On the other hand, normalisation basically closes the system and allows one to solve the model for 
prices as a ftinction of exogenous parameters and policy variables. 
41 
CIRDAP 
The Centre on Integrated Rural Development for Asia and the Pacific (CIRDAP) is a 
regional, inter-governmental, autonomous Institution, established in July 1979 at 
the initiative of the countries of the Asia-Pacific Region and the Food and Agriculture 
Organization (FAO) of the United Nations with support from several other UN bodies 
and donors, Its member countries include Afghanistan, Bangladesh (Host State), 
India, Indonesia, Lao PDR, Malaysia, Myanmar, Nepal, Pakistan, the Philippines, Sri 
Lanka, Thailand and Vietnam. 
The main objectives of CIRDAP are to (I) national action; (ii) promote regional 
cooperation, and (iii) act as a servicing ihstitution for its member countries for 
promotion of Integrated rural development through research, action research, pilot 
project, training and information disseminatiolt Amelioration of rural poverty in the 
Asia-Pacific region has been the prime concern of CIRDAP, The Centre is committed 
to the WCARRD Follow-up Programmes. The programme priorities of CIRDAP are set 
under four areas of concern: (1) agrarIan development; (2) institutlonal/ 
infrastructural development; (3) resource development including hum an resources; 
and (4) employment. 
Operating through designated Contact Ministries and Link Institutions in member 
countries, CIRDAP promotes technical cooperation among nations of the region. It 
plays a supplementary and reinforcing role in supporting and furthering the 
effectiveness of integrated rural development programmes in the Asia-Pacific region. 
